Background: Controversy still surrounds the question whether yeasts found in the gut are causally related to disease, constitute a health hazard, or require treatment.
T hree decades ago, on the basis of case reports, the American physician C. O. proposed the hypothesis that an unhealthy lifestyle and increased intake of drugs, modified foods, and pollutants could lead to overgrowth of Candida species in the intestine. This would generally reduce the defenses of the host organism and trigger a multiorgan Candida-associated complex of symptoms ("Candida hypersensitivity syndrome"). Since then, this topic has been repeatedly and vigorously discussed by experts and laymen. In 1996, C. Seebacher even claimed that "mycophobia" was spreading. Many of the publications supporting Truss's hypothesis are not to be taken seriously. Abnormal conditions and severe diseases have often been uncritically linked to the mere detection of fungi in the gut, leading to the initiation of antimycotic therapy. This provoked justifiably critical publications during the 1990s, although some of these were exaggeratedly polemical (for example, e4). An objective scientific discussion on intestinal Candida colonization, with evaluation according to criteria of environmental medicine, was started in 2004, under the management of the Robert Koch Institute (1) . Nevertheless, some questions remain open.
Since then, microbiological, molecular biological, and experimental clinical studies have succeeded in clarifying additional facts, so that it appears to be appropriate to re-evaluate the clinical importance of yeasts in the gut.
Methods
The report of the Commission on Methods and Quality Assurance in Environmental Medicine (Kommission "Methoden und Qualitätssicherung in der Umweltmedizin") on the Pathogenetic Significance of Candida Colonization of the Intestine appeared in 2004 (1) . In order to identify later relevant literature, the database PubMed was searched and evaluated from 2005. The following search terms (MeSH) were used as selection criteria in the preparation of the present review article: "Candida/pathogenicity," "fungi/pathogenicity/virulence factors," "Candida/clinical trials, humans," "mycoses/microbiology/drug therapy AND gastrointestinal tract OR urogenital system." Publications on molds were not considered. Therapeutic statements are in accordance with national and international guidelines.
Intestinal microflora and fungi
Already at birth, microbial colonization starts in the gastrointestinal tract, which has previously been sterile. Intestinal microflora-now also known as microbiota-is established in successive stages and consists of numerous types of microorganism. More than 99% of this microbiota consists of bacterial and archaeal species (2) . In addition, Candida yeasts are detectable in 96% of neonates by the end of the first month of life (e5) . The constitutional development process is complete after 3 to 5 years and each individual then has an individual microflora compatible with his/her immune system. The special anatomical and physiological features of the individual compartments of the mouth, stomach and intestine offer disparate ecological niches and they are colonized with site-specific microbe communities (2) . Table 1 contains groups of important microorganisms detected by culture. The concentration ranges given for the individual counts of life microbes indicate the great individual variability in the microflora of adults. The findings also show that fungi are detectable in all gastrointestinal sections of about 70% of healthy adults (1) . Most of these are members of the Candida genus. Normally 10 1 to 10 3 fungal cells per g stool are found, which is much lower than the corresponding values for bacteria -10 11 to 10 12 bacteria per g stool. Fungi of other genera are occasionally detected in stool. Although these may be pathogens of the respiratory tract or skin, they are thought to be only transient in the digestive tract. Examples include Aspergillus, Mucor, Cryptococcus, Rhodotorula, and Trichosporon.
Even though Candida species are relatively often detected in stool, it is unclear whether these fungi are physiological and (useful) intestinal symbionts. As long as the site-specific microbial communities are intact and the innate immune system is functioning, Candida species behave like commensal members of the gastrointestinal microflora (3, 4, 5) . They are then guests which cause no damage. For example, oral and esophageal candidiasis is only manifest when CD4 + Th1 lymphocytes deficiency and reduced formation of proinflammatory cytokines (IL-12, INF-gamma) prevent effective defense against fungi (6, e6) . Candida infections may arise as a consequence of
• disturbances in the host's defense systems, including the physiological intestinal microflora, the gut-associated immune system and the mucosa itself (4, 5, 7, e7) ;
• changes in gene expression in previously commensal Candida strains, including activation of virulence genes (8, e7-e9) .
Janus-headed Candida
Candida spp. are yeasts which are normally present as individual cells and which predominantly replicate asexually by budding. The expression "yeast fungus" is pleonastic, as yeasts belong to the kingdom of the fungi. Candida albicans is a diploid polymorphic yeast with eight pairs of chromosomes. It can also replicate under anaerobic conditions, as found in the human colon (e8) . Almost 200 Candida species are known, although few are important for man. The most important of these are C. albicans, C. glabrata, C. krusei, C. dubliniensis, C. tropicalis, C. parapsilosis, C. guilliermondii, and C. lusitaniae (3, 4, e10) . One reason that this list is short is that about two thirds of Candida species are incapable of growing at 37 o C (e10). Molecular genetic studies have shown that there is much greater variety in individual Candida flora (e11) .
Candida yeasts are classified as opportunistic pathogens, meaning that they are pathogens only under specific conditions (4, e7) . Overgrowth of yeasts is normally inhibited by both specific (immune system) and non-specific defense systems (intestinal flora, peristalsis, intestinal enzymes, defensins, and others).
Changes in the qualitative or quantitative composition of the bacterial flora in the gastrointestinal tract-for example, after administration of antibiotics (9)-or a deficiency in specific parameters of the host's immune system evidently enhance the virulence of opportunistic Candida strains through gene regulation mechanisms (10, e7, e12) . Their damaging activities can manifest at two different levels:
• Superficial infections of the skin, mucus membranes, or epithelia (skin or mucosal mycoses, Candida vaginoses)
• Invasive penetration into deeper tissue layers, distribution in blood and dissemination in various organs (invasive or systemic mycoses or candidoses).
Pathogenicity factors of Candida strains
Pathogenic yeasts bear genes coding for specific pathogenicity factors and for other properties important for the infection process (10, 11, e7) . These primarily include adhesion factors, which mediate binding of yeasts to cell surfaces, such as epithelium or endothelium, and aggression factors. The latter destroy tissues and include secreted aspartate proteinases, phospholipases, and lipases. Aggression factors are partially responsible for the invasiveness of fungi (e5). Strongly virulent Candida strains are capable of expressing several pathogenicity factors simultaneously (e10, e13-e15) . Moreover, pathogenic yeasts have developed so-called escape mechanisms, to avoid the attacks of the immune system (6) .
The first step in infection is interaction with the host cells by adhesion. C. albicans can express various adhesins, which bind to extracellular matrix proteins of mucosal or endothelial cells (12, e16) . The close association with cell surfaces stimulates the formation of biofilms (e5) . Biofilms are three dimensional consortia of microorganisms, which adhere to a surface and are enclosed by extracellular polymeric substances. Biofilm formation is directed by the emission and reception of signal molecules between the participating microorganisms ("quorum sensing") (e8, e14) . One of the quorum sensing molecules used by Candida species is the oxylipin farnesol (e8, e17) . The biofilm surrounds the yeast cells like a protective cocoon and largely keeps out attacks from the environment, including the immune system. In addition, resistance to antimycotics is enhanced by changes in metabolic reactions in the yeast cells within the biofilm (13) . For example, so-called efflux pumps in the cell membrane are activated; these extrude absorbed antimycotics from yeast cells (e5, e14) . Another example is the reduction in the synthesis of the cell membrane component ergosterol, which makes the yeast cells less sensitive to antimycotics by a factor of 30 to 2000 (13) .
Ten different secreted aspartate proteinases (SAPs) are known for C. albicans. Depending on the situation, different tissue-specific SAPs are induced and these are important for the invasion of tissues and organs (4, 10, e18) . Moreover, these Candida proteinases inactivate various host defense factors, such as immunoglobulins, complement factors and serum protease inhibitors, thus reducing opsonizing and microbicidal activity in blood. The term "phenotypic switching" means the rapid change in cell surface structure. This has been observed in some Candida strains and makes it more difficult for the immune system to recognize these yeast cells. It also seems to be associated with biofilm formation (14, e19-e21) . During the reversible change from the roundish yeast cell shape to the protracted hyphae form (Figure) , the incorporation of beta-glucan molecules into the external wall layers is blocked (5) . As a consequence, the pattern recognition receptors (toll-like receptors) of the innate immune system can no longer recognize the fungi or initiate an immune reaction, as they are "designed" for the recognition of the betaglucan of the Candida cell wall (15, e5, e9, e22) . The transition from the yeast to the hyphae form-and back-is controlled by various factors, including the synthesis of prostaglandins (PGE 2 ) and leukotrienes (LTB 4 ) (15, 16, e23-e26) , or by contact with bacterial peptidoglycans (17) . Any use of antibiotics leads to the release of peptidoglycans from the cell wall of intestinal bacteria, possibly thus increasing the formation of hyphae from C. albicans and enhancing its invasive potency (9) .
Some Candida strains avoid the attacks of the immune system by concealing themselves in host cells. They can survive unharmed in epithelial cells (e27) or in non-activated macrophages (6, e28) and even replicate there.
As a result of transcriptional flexibility (11, e13) , Candida species are extremely adaptable to the environmental conditions produced by the host, such as pH, partial CO 2 pressure, amino acid availability, and iron deficiency (8, 9, 18) . The yeast genome can be slightly modified by repeated point mutations ("microevolution") and this can help the yeast to overcome the initial protective measures initiated by the host after the first contact (11) . Moreover, chromosomal rearrangements can lead to the deletions of the chromosome sections mediating sensitivity to antimycotics. Recombination can also lead to the duplication of genes for efflux pumps, thus furthering the elimination of toxic substances.
Clinical significance of Candida infections
In contrast to other medically important fungi, such as Histoplasma capsulatum, Cryptococcus neoformans or Aspergillus fumigatus, human pathogenic Candida species are rarely found in environmental samples (4) . In particular, Candida albicans is always associated with man or with warm blooded animals. Candida infections are contact infections. The pathogen reservoir is nevertheless not thought to be fungal spores, cells, or mycelium fragments taken up through the respiratory tract, but the Candida cells colonizing human mucosal surfaces, vaginal epithelium or skin-usually regarded as harmless commensals (7). It is generally accepted that invasive candidoses are a real threat in hospitals. C. albicans is the yeast species most frequently isolated from clinical material and is involved in more than 50% of mucocutaneous and systemic yeast infections. On the other hand, there has recently been a clear increase in the proportion of nonalbicans candidoses. Thus, infections with C. glabrata and C. krusei have increased more since 1990 than those with C. albicans (e29, e30) . In the USA, for example, 11.5% of an approximate 80 000 blood infections per year are caused by Candida species. This is accompanied by a mortality rate of more than 30% (e31).
In many industrial countries, Candida mycoses are in fourth place among nosocomial infections in intensive care units (e31) . Up to 20% of infections of medical implants, such as central venous catheters, bladder catheters or artificial heart valves, are due to infections with Candida albicans (e32). The predilection for forming biofilms on catheters and implants makes treatment with antimycotics enormously more difficult. Table 2 lists predisposing factors for fungal infections, corresponding to the practical criteria of "very young, very old or very ill." Aside from oral soor, eso p h agitis and nappy rash, it remains unclear to what extent intestinal fungi are responsible for specific gastrointestinal diseases. Thus, Candida-associated infectious diarrhea has been frequently described in neonates, undernourished children, older patients, the severely or chronically ill, in intensive care units, or after long term antibiotic treatment (e33-e40) . Nevertheless, these cases are rather rare in comparison to bacterial or viral intestinal infections.
Patients with irritable bowel syndrome most frequently suffer from intermittent persistent watery diarrhea, meteorism, flatulence, and abdominal pain-just the same as the dominant symptoms for patients with intestinal candidosis (e41). It is, however, unclear whether pathogenic yeasts are responsible for these symptoms in a proportion of patients with irritable bowel syndrome. A controlled study published in 1992 found no correlation between Candida colonization of the intestine and the symptoms of irritable bowel syndrome (e42). However, there are doubts about the quality of the methods used and there have been no more recent studies on this topic.
It has been known since the 1990s that Candida albicans may be involved in the occurrence of allergies. Thus, some cell wall components (mannans and mannoproteins) and enzymes (SAP, enolase) of C. albicans are potentially immunogenic and allergenic (19, e43-e50) . Animal experiments have confirmed this association. Canadida albicans colonization of the mouse gut was promoted by antibiotic treatment. This enhanced pulmonary hypersensitivity towards nasally administered foreign protein (ovalbumin) or to spores of Aspergillus fumigatus. On the other hand, animals not colonized with C. albicans exhibited no hypersensitivity (16, e24) .Moreover, Candida albicans provoked mast cell-mediated hyperpermeability of the intestinal mucosa in another mouse model (e51). The well known association between reduced barrier function of the intestinal mucosa ("leaky gut"), disturbances in the gutassociated immune system, changes in the intestinal microflora, and atopic diseases such as neurodermatitis, may bring special problems for patients with corresponding genetic susceptibility and intestinal Candida albicans colonization (19) . However, this concept requires additional clinical studies.
According to current knowledge, all that remains of Truss's Candida hypersensitivity syndrome is the assumption of a relationship with the irritable bowel syndrome and the knowledge that Candida in the intestine may function as an "allergy trigger factor."
Therapeutic possibilities
Antimycotics of various substance classes are available for therapy as described in the guidelines. These may be administered orally or parenterally, depending on the localization and severity of the Candida infection (20, 21, e52, e53) (Table 3) .
Nystatin is the most frequently used non-absorbable antimycotic for candidoses of the orogastrointestinal tract. Orally administered topically active nystatin and systemically active fluconazole are also established components of the prophylaxis of Candida infections in the critically ill (22, e54, e55) and in premature babies (e56-e59) . Nystatin-a polyene-is cheaper and has the advantage of causing fewer side effects than fluconazole-an absorbable azole derivative (e53, e60) . There have been occasional reports of allergic reactions to nystatin (e61) . Therapeutic failures may be due to decreased sensitivity or acquired resistance to azole antimycotics (20, e53) . Care should be taken to avoid re-infections ("ping pong effect") by partner contact, or through dental prostheses, tooth brushes, mouthpieces, or dummies. Yeasts can however circumvent elimination by antimycotics by triggering the escape mechanisms we have described or by embedding themselves in biofilms. New therapeutic approaches are being discussed (5) .
It is known that physiological intestinal microflora can provide protection against Candida infections in the orogastrointestinal tract (1, 3, e62) . This focuses attention on probiotics. Twelve-month administration of a combination preparation with 8 bacterial strains to 10 pouchitis patients-in comparison to placebo therapy-gave the desired maintenance of remission and also significantly reduced the diversity of intestinal fungi (p<0.002) (e63) . Controlled animal experiments have found that gastric ulceration promoted by Candida was attenuated after oral administration of L. acidophilus and was accompanied by more than 60% reduction in Candida colonization (23) . A double blind placebocontrolled study with 80 premature babies found a significant reduction (p = 0.01) in intestinal Candida colonization after oral administration of L. rhamnosus for 12 months (24) . An analogous study with 276 elderly patients and treatment for 16 weeks also found a significant decrease of Candida counts (p = 0.004) (25) . Further controlled studies with probiotics are expected.
There are no reliable findings on the necessity for the adjuvant use of special nutritional forms ("anti-fungus diets"). It is much more sensible to use a-generally recommended-mixed diet with high fibre content and reduced sugar to stabilize the microecological system in the gut. 
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TABLE 3
Antimycotics and mechanisms of action (compiled from 20, 21, e52, e53) IV: intravenous • Candida albicans strains can in principle be classified as facultatively pathogenic yeasts.
• 10 2 to 10 4 CFU Candida are found per g stool in more than half the adult population, so that this cannot be equated with intestinal mycosis.
• Depending on the stability of the innate host barriers (mucosa, immune system, intestinal microflora), intestinal Candida colonization may lead to -superficial candidosis (restricted to the epidermal and mucosal surfaces), -locally restricted invasive candidosis, or -invasive systemic candidosis.
• The indications most closely linked to Candida colonization are irritable bowel syndrome and certain allergic reactions, although an association has been proven. There is no epidemiological or interventional evidence for the existence of a general and clinically demonstrable Candida hypersensitivity syndrome.
• Topically active antimycotics (such as nystatin preparations) are available for the treatment of superficial infections of the orogastrointestinal tract. Modulation of intestinal microflora with probiotics can suppress Candida coloni zation. 
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